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RESEARCH OBJECTIVES
Many environmental contamination problems involve

volatile organic chemicals (VOCs), such as crude oil, gasoline,
diesel, and/or organic solvents. When spilled into the unsatu-
rated zone, these chemicals may form a separate nonaqueous
phase, giving rise to three-phase flow of water, soil gas, and a
nonaqueous phase liquid (NAPL). Such flows can be modeled
with T2VOC, but that code is limited to conditions in which
the VOC is a pure, single-component fluid. However, in many
cases of interest, nonaqueous fluids released into the subsur-
face may consist of a multicomponent mixture of several dif-
ferent chemicals. TMVOC is designed for three-phase flows in
which the NAPL consists of a general multicomponent mix-
ture of organic fluids. In addition, one or several noncondens-
able gases (NCGs) may be present. 

APPROACH
TMVOC is based on the M2NOTS code that was developed

by Adenekan (1992) as part of his Ph.D. project at the
University of California, Berkeley. It is implemented as a spe-
cialized module for Berkeley Lab's general multipurpose sim-
ulator TOUGH2 and retains its general process-modeling
capabilities and user features.

ACCOMPLISHMENTS
In the TMVOC formulation, the multiphase system is

assumed to be composed of water, NCGs, and water- s o l u b l e
VOCs. The number and nature of NCGs and VOCs can be spec-
ified by the user. Organic chemicals with critical temperature s
below ambient, such as methane or ethane, can be modeled as
NCGs. There are no intrinsic limitations to the number of NCGs
or VOCs. Thermophysical property data for individual VOCs
must be provided by the user. TMVOC uses a very general for-
mulation to obtain thermophysical and PVT (pre s s u re - v o l u m e -
t e m p e r a t u re) properties for mixtures of VOCs and NCGs. The
fluid components may partition (volatilize and/or dissolve)
among gas, aqueous, and NAPL phases. Any combination of the
t h ree phases may be present, and phases may appear and disap-
pear in the course of a simulation.

Flows can be nonisothermal, and may involve advective, dif-
fusive, phase-partitioning, and sorptive processes. A s i m p l e

model for biodegradation is provided as well. Chief applications
for which TMVOC is designed include analysis of NAPL s p i l l s
and remediation alternatives in the vadose zone and below the
water table.

A detailed self-contained user's guide is available that pro-
vides a technical re f e rence to the TMVOC formulation and
includes seven sample problems to illustrate code applications:

1 . Demonstrating initialization of diff e rent phase conditions
2. One-dimensional Buckley-Leverett flow
3 . D i ff u s i o n
4 . Steam displacement of TCE
5 . Steam displacement of a benzene-toluene mixture
6 . Air displacement of NAPL
7 . N A P L spill in the unsaturated zone
TMVOC is upwardly compatible with T2VOC; that is,

T2VOC input files can be executed with TMVOC.

SIGNIFICANCE OF FINDINGS
The TMVOC code is available through DOE's Energy

Science and Technology Software Center (see http://www-
esd.lbl.gov/TOUGH2/tmvoc.html).
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